ABSTRACT The widespread planting of crops genetically modiÞed to produce Bacillus thuringeinsis Berliner (Bt) toxins for pest control may affect nontarget arthropods. To address this issue, we compared the abundance and diversity of arthropods on plants in Þeld plots of Bt cotton, non-Bt cotton, and a row mixture of 75% Bt cotton and 25% non-Bt cotton at two sites in Arizona. Over three sampling dates during 2 yr, we recorded all of the arthropods found on 120 cotton plants per treatment. This yielded 3,309 individual arthropods from 69 families. Excluding pink bollworm, Pectinophora gossypiella Saunders, the pest targeted by Bt cotton, we compared the abundance and diversity of all arthropods, chewing herbivores, sucking herbivores, rasping-sucking arthropods, and natural enemies. Arthropod abundance was signiÞcantly affected by site, plant height, and cotton type. More arthropods were collected from row mixture plots than Bt plots, but arthropod abundance did not differ signiÞcantly between Bt plots and non-Bt plots. The number of families collected was 57 for row mixture plots, 55 for non-Bt plots, and 47 for Bt plots. The number of families increased as arthropod abundance increased, suggesting that the differences in diversity among treatments were caused by differences in abundance. Within row mixture plots, arthropod abundance and diversity did not differ signiÞcantly between Bt plants and non-Bt plants. We conclude that the differences between Bt and non-Bt cultivars had relatively minor effects on the arthropod community on cotton plants.
CROPS THAT PRODUCE TOXINS from Bacillus thuringiensis
Berliner (Bt) to control some key pests are planted on millions of hectares in the United States and elsewhere (James 2002) . The toxins are produced in Bt plants throughout the entire growing season. Thus, target and nontarget arthropods have ample opportunity to encounter Bt toxins. This has raised the issue of whether widespread adoption of Bt crops reduces arthropod abundance and diversity (Schuler et al. 1999 , Obrycki et al. 2001 , Groot and Dicke 2002 , Conner et al. 2003 , Carriè re et al. 2004 .
The toxins produced by Bt plants kill only a narrow range of insect species. For example, Bt cotton produces the Cry1Ac toxin, which is reportedly active only against some Lepidoptera (Hö fte and Whiteley 1989). Thus, one might expect decreased abundance of susceptible Lepidoptera and their specialist natural enemies. However, the potential for broader effects exists. Many herbivores may consume the toxin and survive. Predators that consume such herbivores may be adversely affected. For example, Chrysoperla carnea (Stephens) that ate Spodoptera littoralis (Boisduval) reared on a diet with Bt toxin had lower survival than C. carnea that ate S. littoralis reared on diet without Bt toxin (Hilbeck et al. 1999) . Such interactions are likely to be complex, because not all herbivores that feed on Bt plants uptake the toxin nor are natural enemies always affected by consuming prey that have taken up the toxin (Dutton et al. 2002) .
Many studies of the impact of Bt crops on nontarget organisms have examined the interaction of one or a few species in the laboratory (Sims 1995; Hillbeck et al. 1998a Hillbeck et al. ,b, 1999 Zwahlen et al. 2000; Dutton et al. 2002) . Translating laboratory results to the Þeld may be problematic because 1) toxin doses used in the laboratory may be higher than the doses that the arthropods encounter in the Þeld, 2) the species interactions examined may not be common in the Þeld, and 3) highly mobile species may spend only a fraction of their lifetime in Bt Þelds. Despite these limitations, laboratory studies can provide valuable insights into potential effects as well as the causal mechanisms of patterns in Þeld data.
Most Þeld studies assessing potential impacts of Bt crops have focused on a limited number of species (Wilson et al. 1992 , Hardee and Bryan 1997 , Orr and Landis 1997 , Pilcher at el. 1997a , Pilcher 1999 , Wold et al. 2001 , Jasinski et al. 2003 ; but see Men et al. 2003 , Schoenly et al. 2003 . Here, we surveyed all of the arthropods on Bt and non-Bt cotton plants at two Þeld sites in Arizona on three sampling dates in 2 yr. Our primary goal was to determine whether major differences occur between the plant-dwelling arthropod community on Bt and non-Bt cotton.
Materials and Methods
Field Plots. Sampling was conducted in 2001 and 2002 at the Marana Agricultural Station (Pima County, Arizona) and in grower Þelds near Safford (Graham County, Arizona). Each site had two blocks. The block design was dictated by a concurrent study that compared the population densities of pink bollworm, Pectinophora gossypiella Saunders, in external and in-Þeld refuges. In-Þeld refuges consisted of Bt plots that had a speciÞed number of rows planted to non-Bt. Each block consisted of Þve treatments: 1) Bt, 2) non-Bt, 3) 75% Bt and 25% non-Bt, 4) 87% Bt and 13% non-Bt, and 5) 94% Bt and 6% non-Bt. The pink bollworm population density experiment dictated that the non-Bt plot was at the end of the block, next to the Bt plot. The three in-Þeld refuge treatments were given random positions in the remaining three plot locations. For the study reported here, we sampled only the Þrst three treatments: 1) Bt, 2) non-Bt, and 3) 75% Bt and 25% non-Bt (referred to as IFR). For the IFR treatment, rows were planted in the following pattern: one row of non-Bt, four rows of Bt, one row of non-Bt, and two rows of Bt. The pattern continued until all rows within a plot were planted. The IFR treatment is of interest because current guidelines permit the planting of in-Þeld refuges in Arizona (Monsanto 2004 ) and 12,500 ha of in-Þeld refuge Þelds were planted in Arizona in 2002 (Y.C., unpublished data). Different Þelds were used during each year of the study at both sites.
At Marana, the Bt cultivar was NuCOTN 33B and the non-Bt cultivar was its recurrent parent Deltapine 5415 (Delta and Pine Land Co., Cantre, AL when the cotton was Ͼ2 m in height in one of the blocks at Marana. As a result, we did not sample this block and doubled the number of plants collected from the other block at Marana. In total, 360 plants were collected during the study (120 per treatment). In IFR plots, equal numbers of Bt and non-Bt plants were collected on each sampling date.
Whole plant samples were taken using a tube of cotton material (muslin) that had drawstrings at both ends. The tube was placed over the plant and the end of the tube at the base of the plant was closed tight. The top of the tube was pushed to the base of the plant and plant height was measured. After 24 h, which allowed arthropods to settle, we slowly approached each plant, pulled the open end of the tube over the top of the plant, quickly tightened the top drawstring, and cut the basal stem of the plant with pruning shears. This enabled us to collect a high proportion of the arthropods that were on the plant at the time of sampling. The plants were brought to the laboratory and stored at 4ЊC.
Each tube was opened in the laboratory, and all visible arthropods were placed in a plastic bag. The plant was then shaken over a sheet, and all the debris on the sheet was vacuumed into another plastic bag. The vacuumed debris was later examined under a dissecting scope and all arthropods were removed. Arthropods were stored in 80% alcohol.
Analysis of Abundance and Diversity. All arthropods were identiÞed to family except Psocoptera and parasitoids in the superfamily Chalcidoidea. Alyerodidae nymphs were not counted due to their overwhelming abundance, but adults were. Flint et al. (1995) found no effect of Bt cotton on the abundance of whiteßy nymphs. Finally, we did not count the number of pink bollworm larvae in our Þeld plots because that was the focus of a separate study.
The arthropods were separated into Þve guilds: 1) chewing herbivores, 2) sucking herbivores, 3) raspingsucking arthropods, 4) natural enemies, and 5) other. We analyzed the abundance and diversity of all arthropods and of the guilds. The diversity of rasping-sucking arthropods was not compared because only two families were found in this guild (Thripidae and Aeolothripidae).
To avoid pseudoreplication, plots were considered the experimental unit (Hurlbert 1984) . Therefore, for abundance measurements, the mean over all plants collected in each plot was determined, and the logtransformed mean was used as the value for that plot. Our measurement of diversity was the total number of families observed from all plants collected in a plot. We pooled the data from the two sampling dates in 2002 because they did not differ in arthropod abundance or diversity (abundance: F ϭ 1.53; df ϭ 1, 16; P ϭ 0.23; and diversity: F ϭ 1.62; df ϭ 1, 16; P ϭ 0.22). In addition, we pooled the two blocks from Safford in 2001 for diversity analyses so that the number of families collected for all plots was based upon 20 whole plant samples.
Analyses were conducted in JMP (SAS Institute 2001). The multiple regression included the following factors: year, site nested within year, block nested within site and year, treatment, and plant height. Site, year, and block were treated as random factors, and the method of moments was used. Plant height was measured as the mean height of plants collected from a plot and was included to control for any potential affect of plant size on the number of arthropods captured. Least square means are presented and contrasts were used to compare treatments (P ϭ 0.05). The same values also were calculated and compared for Bt and non-Bt plants collected within IFR plots.
To evaluate the potential effects of arthropod abundance on diversity, we constructed rarefaction curves (Gotelli and Colwell 2001) for each treatment. This was accomplished by running a program written in Cϩϩ by using CodeWarrior (Metrowerks, Austin, TX) that allowed us to randomly select any number of plants or arthropods without replacement from our pool of collected plants or arthropods and to determine the number of families observed. For each number of plants or arthropods, we did this 1000 times, which enabled us to determine the mean and standard deviation for the number of families. Differences between curves were determined by calculating 95% conÞdence intervals (Manly 1997) . Mean number of families was considered signiÞcantly different if the conÞdence interval of one treatment did not overlap with the mean of the other (Ramsey and Schafer 2002) .
Predation Rates. We compared the rate of predation on pink bollworm eggs in Bt, non-Bt, and IFR plots at Marana during 48-h periods in September 2001 and 2002. On the morning of each experiment, eggs from the APHIS-S strain of pink bollworm were collected in the laboratory on 2-cm 2 pieces of cotton toweling (Chicopee, Benson, NC), referred to as "egg sheets." The number of eggs per sheet (range, 5Ð20) was counted and written on each egg sheet. Egg sheets were placed in a plastic bag, put in a cooler, taken to the Þeld, and stapled to the bracts of bolls. The number of egg sheets per plot was 10 on 9 September 2001, 20 on 12 September 2002, and 20 on 19 September 2002 (overall total was 90 egg sheets per treatment). After 48 h, egg sheets were collected and the numbers of eggs per sheet were counted. To determine the expected level of egg loss from sheets due to handling, 20 Ð30 control egg sheets were counted on each date. The control egg sheets were carried through the Þeld like the egg sheets that were stapled to plants, but they were returned to the laboratory at the end of the day and recounted.
The percentage of eggs removed by predators was calculated by dividing the number of eggs recovered by the number of eggs expected to be recovered without predation (based on controls) and subtracting this value from 100%. We determined the number of egg predators collected in our whole plant samples on the date closest to when the eggs were placed in the Þeld. Families were designated as pink bollworm egg predators based upon Henneberry and Naranjo (1998) . We then used regression to determine if the percentage of eggs eaten was related to the number of egg predators collected. We also compared predation rates among treatments and the abundance of egg predators among treatments. To avoid pseudoreplication, the average predation rate was determined for each plot and this value was used in the analysis. In addition, the data from the two study dates in 2002 were pooled. Analysis of variance (ANOVA) was used with a model including year, block nested within year, and treatment.
Results
Abundance. Site, plant height, and treatment affected the number of arthropods per plant, but block and year did not (Table 1 ). In 2001, more arthropods were collected per plant at Marana compared with Safford (least square mean Ϯ SE; Marana 16.2 Ϯ 3.3, Safford 3.1 Ϯ 1.6); in 2002, this trend was reversed (least square mean Ϯ SE; Marana 4.5 Ϯ 2.3, Safford 11.6 Ϯ 3.3). The number of arthropods collected generally increased with plant height and plant height was not related to any treatment (F ϭ 0.02; df ϭ 2, 12; P ϭ 0.98). Arthropod abundance was greater in IFR plots than in Bt plots, but it did not differ signiÞcantly between IFR and non-Bt plots (Fig. 1A) . Arthropod abundance in non-Bt plots was marginally signiÞcantly greater than in Bt plots (least square means contrast: F ϭ 4.03; df ϭ 1, 11; P ϭ 0.07; Fig. 1A ). Finally, arthropod abundance did not differ between Bt and non-Bt plants within IFR plots (Fig. 1B) .
The percentage of plants yielding 12 or more arthropods per plant was 29% for IFR plots, 25% for non-Bt plots, and 12% for Bt plots (Fig. 2) Analysis of abundance by guild showed more chewing herbivores in non-Bt plots than Bt or IFR plots (Fig. 1A) . However, we found similar numbers of Lepidoptera (adults and larvae combined; pink bollworm larvae excluded) in Bt and non-Bt plots (non-Bt 18, IFR 14, Bt 17). The abundance of sucking herbi- (Fig. 1A) . SigniÞcantly more rasping-sucking arthropods were collected from IFR plots than Bt or non-Bt plots (Fig.  1A) . Natural enemy abundance was higher in IFR plots than in Bt plots, but it did not differ between IFR and non-Bt plots (Fig. 1A) . Finally, signiÞcantly fewer arthropods in the "other" group were collected from Bt plots compared with non-Bt and IFR plots (Fig.  1A) . Analysis of abundance by guild revealed no signiÞcant differences between Bt and non-Bt plants within IFR plots (Fig. 1B) . Diversity. In total, individuals from 69 arthropod families were collected: 55 from non-Bt plots, 57 from IFR plots, and 47 from Bt plots. The multiple regression shows a signiÞcant effect of site and a marginally signiÞcant effect of treatment on families per plot (Table 2) Fig. 3A ) and marginally signiÞcantly more families in IFR plots than in Bt plots (F ϭ 4.51; df ϭ 1, 9; P ϭ 0.06; Fig. 3A) . SigniÞcantly more chewing herbivore families were collected from non-Bt plots than from Bt and IFR plots (Fig. 3A) . In addition, signiÞcantly more sucking herbivore families were collected from IFR plots than from Bt or non-Bt plots (Fig. 3A) . The number of families did not vary signiÞcantly among treatment for natural enemies or the "other" guild (Fig. 3A) . Within IFR plots, the number of families found was 40 on Bt plants and 47 on non-Bt plants. However, no signiÞcant differences occurred between Bt and non-Bt plants within IFR plots in the total number of arthropod families or the number of families in each guild (Fig. 3B) .
A positive association was present between the abundance of arthropods per plot and the number of families per plot (Fig. 4) . As a result, more arthropod families could have been observed in non-Bt and IFR plots compared with Bt plots only because a greater number of arthropods were collected from those plots (Gotelli and Colwell 2001) . To assess this possibility, we produced two types of rarefaction curves. The Þrst curve (Fig. 5A ) displays the accumulation of arthro- The whole model was signiÞcant (F ϭ 3.91; df ϭ 8, 9; P ϭ 0.03; r 2 ϭ 0.78). pod families as the number of samples increases. In the second curve (Fig. 5B) , the x-axis has been rescaled to show the number of arthropods collected instead of the number of samples. On a per sample basis, we found greater diversity when resampling from the pool of non-Bt and IFR plants compared with Bt plants (Fig. 5A ). SigniÞcantly more families were collected from non-Bt plants compared with Bt plants when 19 or more plants were resampled (conÞdence intervals not shown in Fig. 5 ). Likewise, signiÞcantly more families were collected from IFR plants compared with Bt plants when 52 or more plants were resampled (Fig. 5A) . Nevertheless, comparing the accumulation of families on a per individual basis yielded nearly identical curves ( Fig. 5B ; conÞdence intervals not shown). Thus, it seems that the difference in diversity among treatments was due to collecting fewer arthropods from Bt plots. To further test this possibility, we Þtted a second multiple regression model that included the abundance of arthropods per plot as an explanatory variable. This analysis revealed a signiÞ-cant effect of arthropod abundance on the number of families collected (F ϭ 5.76; df ϭ 1, 8; P ϭ 0.04), but no effect of treatment (F ϭ 1.19; df ϭ 2, 8; P ϭ 0.35).
Individuals from most families were rare (Fig. 6 ). For example, in total 55 families were observed in non-Bt plots, but Ͼ10 individuals were collected for only 17 (30%) of those families (Fig. 6) . Overall, 80% of all arthropods came from only 10 families (Aleyrodidae, Anthicidae, Chrysopidae, Clubionidae, Empididae, Lathridiidae, Miridae, Nitidulidae, Psocoptera, and Thripidae). SigniÞcantly more individuals in these ten families were collected from IFR plots compared with Bt plots (least squares mean Ϯ SE: non-Bt, 5.3 Ϯ 1.28; IFR, 6.9 Ϯ 1.28; Bt, 4.2 Ϯ 1.29; treatment effect: F ϭ 5.16; df ϭ 2, 11; P ϭ 0.03). This difference was mainly due to an extremely high abundance of Thripidae in IFR plots (Fig. 1A, rasping-sucking arthropods) . The relative abundance of each of these 10 families also was signiÞcantly different among treatments (Pearson 2 test: 2 ϭ 263.2, df ϭ 18, P Ͻ 0.0001; Table 3 ). The signiÞcant effects were mainly due to 1) collecting more Thripidae than expected from IFR plots (Table 3) , and 2) collecting more Nitidulidae and Lathridiidae than expected from non-Bt plots (Table 3) . These families were highly aggregated. For example, 16% (77/475) of all Nitidulidae were collected from a single non-Bt plant and 31% (293/945) of all Thripidae were collected from the IFR plots on a single sampling date at Safford. We also have some evidence that Nitidulidae were attracted to the color of the ßagging tape used in the non-Bt and IFR plots (orange or blue), but not to the color used in Bt plots (red). Despite these differences, there was a strong correlation between the relative abundance of the 10 most common families in each treatment (Bt and nonBt, r ϭ 0.70; Bt and IFR, r ϭ 0.84; non-Bt and IFR, r ϭ 0.81)
The abundance of arthropods in the 10 most common families was not signiÞcantly different when comparing the Bt and non-Bt plants collected from IFR plots (least square mean Ϯ SE: non-Bt, 6.4 Ϯ 1.83; Bt, 7.5 Ϯ 1.62; treatment effect: F ϭ 0.45; df ϭ 1, 5; P ϭ 0.5). However, the relative abundance of each of these groups was signiÞcantly different (Pearson 2 test: 2 ϭ 35.2, df ϭ 9, P Ͻ 0.005; Table 3 ). The signiÞcant effects were mainly due to 1) collecting more Thripidae than expected from Bt plants, and 2) collecting more Aleyrodidae and Lathridiidae than expected from non-Bt plants. Despite this there was still a strong correlation between the relative abundance of the 10 most common families collected from Bt and non-Bt plants in IFR plots (r ϭ 0.97).
Predation Rates. Many eggs were attacked by predators with piercing-sucking mouthparts. In addition, several egg sheets were recovered with lacewing larvae (Chrysopidae) on them. The percentage of eggs eaten increased linearly with the number of egg predators in our samples (Fig. 7A) , which suggests that our estimate of egg predator abundance was related to egg predator activity in the Þeld. Treatment did not affect the percentage of eggs eaten or the abundance of egg predators ( Fig. 7B and C) .
Discussion
We found that plots of non-Bt cotton or a row mixture of Bt and non-Bt cotton (IFR plots) often had higher arthropod abundance than Bt plots (Fig. 1A) . However, site and plant height also signiÞcantly affected arthropod abundance (Table 1) , and arthropod abundance did not differ signiÞcantly between Bt and non-Bt plants within IFR plots (Fig. 1B) . The number of families collected was signiÞcantly greater in non-Bt plots than Bt plots (Table 2 ; Fig. 3A) . However, abundance and diversity were not independent (Fig. 4) . The rarefaction curves suggest that this difference may simply have been due to collecting more arthropods from non-Bt plots (Fig. 5B) . Most families were observed only a few times (Fig. 6) , and the relative abundance of the 10 most common families was similar among treatments (Table 3) . Thus, our results indicate that minor differences in the arthropod community occurred between Bt and non-Bt cotton.
Many previous studies have used small plots (Ͻ0.05 ha) to compare arthropod diversity and abundance between transgenic and nontransgenic crops, which is similar to our comparison between Bt and non-Bt plants in IFR plots (Figs. 1B and 3B). As with our comparison between Bt and non-Bt plants in IFR plots, studies that have used small plots typically report no effect of Bt crops on nontarget arthropods (cotton, Wilson et al. 1992 , Flint et al. 1995 corn, Pilcher et al. 1997a,b; Wold et al. 2001; potato, Reed et al. 2001 ). However, we collected fewer arthropods and arthropod families from Bt plots than from IFR and non-Bt plots (Figs. 1A and 3A) . This suggests that the effect of Bt cotton on arthropod abundance and diversity might depend on the size and purity of Bt cotton plantings. If true, results from small plot studies (Ͻ0.05 ha) might underestimate effects of Bt crops, (17) 81 (14) 125 (11) 44 (7) 129 (22) Chrysopidae 88 (9) 20 (4) 47 (4) 27 (5) 46 (8) Lathridiidae 85 (8) 18 (3) 27 (2) 9 (2) 32 (5) Miridae 84 (8) 51 (9) 91 (8) 40 (7) 70 (12) Anthicidae 36 (4) 12 (2) 26 (2) 14 (2) 23 (4) Psocoptera 35 (3) 24 (4) 33 (3) 9 (2) 24 (4) Empididae 30 (3) 25 (4) 60 (5) 35 (6) 19 (3) Clubionidae 20 (2) 9 (2) 21 (2) 12 (2) 25 (4) Total 1019 (100) 568 (100) 1155 (100) 587 (100) 596 (100) Results from all sites and sampling dates pooled. a Psocoptera were only identiÞed to order. because abundance and diversity in small plots could be dominated by migration from surrounding habitat. The plots used in our study were large (0.60 Ð1.6 h) but still smaller than the average size of Bt cotton Þelds in Arizona in 2001 (15 ha; Y.C., unpublished data). In future work, it would be useful to include plots comparable to typical growersÕ Þelds and to evaluate effects of the abundance of Bt and non-Bt crops in the surrounding area (Carriè re et al. 2004) .
Sucking herbivores were found in equal abundance in non-Bt, IFR, and Bt plots (Fig. 1A) . In contrast, we found signiÞcantly fewer chewing herbivores in IFR and Bt plots compared with non-Bt plots (Fig. 1A) . Bt toxin uptake may be higher for chewing herbivores than sucking herbivores. For example, studies with Bt corn suggest that Bt toxin Cry1Ab is absent from phloem , Raps et al. 2001 . Furthermore, no effects of Bt were reported for Nilaparvata lugens (Stål) fed on Þve transgenic rice lines, despite presence of Bt in the honeydew of this herbivore on two of the Þve rice lines (Bernal et al. 2002) . Based on these Þndings, we would expect Bt plants to have little direct effect on sucking insects. Indeed, differences in suitability of Bt and non-Bt plants were not detected in various aphid species feeding on corn , Raps et al. 2001 , Dutton et al. 2002 and in some aphid and mirid species feeding on cotton (Wu et al. 2002, Wu and Guo 2003) . In contrast, high amounts of Bt toxin occurred in the guts of chewing herbivores on Bt corn , Dutton et al. 2002 . Due to the selectivity of the toxin, uptake does not necessarily cause mortality. For example, Pilcher et al. (1997b) examined the effects of Bt corn, which targets Ostrinia nubilalis (Hü bner) (Lepidoptera: Crambidae), on four secondary lepidopteran pests in the family Noctuidae. Two of the noctuid species were affected by the toxin and two were not.
We found fewer natural enemies in Bt plots compared with non-Bt and IFR plots, but this effect was signiÞcant only when comparing IFR and Bt plots (Fig. 1A) . Despite this, we did not Þnd a difference in the abundance of pink bollworm egg predators or pink bollworm egg predation rates among treatments ( Fig.  7B and C) . Likewise, evaluated pink bollworm egg predation in a similar manner and found equal predation in Bt and non-Bt plots. Laboratory studies suggest that the effect of Bt crops on natural enemies may depend upon whether the prey or host takes up the toxin and is affected by the toxin. Accordingly, no impact is expected for natural enemies attacking phloem-feeding herbivores. Dutton et al. (2002) found that Rhopalosiphum padi (L.), a phloem feeder, did not take up the toxin and that the survival of C. carnea was not affected when provisioned with R. padi that had fed on Bt corn. Natural enemies attacking herbivores that uptake the toxin may be affected. Dutton et al. (2002) compared the survival of C. carnea when fed Tetranychus urticae (Koch) and S. littoralis. Both prey species were shown to take up Bt toxin, but only S. littoralis was affected by the toxin. As a result, the survival of C. carnea was unaffected when provisioned with T. urticae that were reared on Bt corn, but it was affected when fed S. littoralis that had eaten Bt corn. Finally, if the natural enemy is a specialist on an herbivore that has high susceptibility to the toxin, the natural enemyÕs numbers are likely to decline in the Þeld due to the absence of the host. Indeed, Pilcher (1999) found decreased abundance of Macrocentrus cingulum Reinhard, a specialist parasitoid of O. nubilalis, in Bt cornÞelds.
The fairest comparison to determine the effect of Bt crops on arthropod diversity and abundance is to compare Bt plots with non-Bt plots that are treated with insecticide for the target pest. In our study, non-Bt plots were not treated for pink bollworm. Pink bollworm numbers were low in the study area and seem to be declining regionally due to the high use of Bt cotton (Carriè re et al. 2003) . Before the introduction of Bt cotton, an average of six insecticide applications was applied per season, and broad-spectrum insecticides such as organophosphates, carbamates, and pyrethroids were often used (Ellsworth et al. 1994 , Carriè re et al. 2001 . Thus, the abundance and diversity of arthropods in non-Bt plots would likely have been lower if insecticides targeting the pink bollworm had been applied in the same manner as they were before the introduction of Bt cotton. Indeed, found equal numbers of natural enemies in unsprayed Bt and non-Bt plots and fewer natural enemies in sprayed plots.
We found that study site location affected the abundance of herbivores found in a plot (Table 1) . This indicates that the diversity of arthropods found in cotton Þelds is likely to be inßuenced by many factors, not just the choice of a Bt or non-Bt cultivar. For example, the choice of insecticides to control pests not targeted by Bt crops, such as Bemisia tabaci (Gennadius), can inßuence the abundance of natural enemies , Carriè re et al. 2004 ). In addition, Showler and Greenberg (2003) found that weeds in cotton Þelds increased the abundance of several arthropod species. Finally, Flint et al. (1996) showed that the abundance of B. tabaci decreased and the abundance of Lygus hesperus Knight increased when Þelds were irrigated weekly rather than biweekly.
We note several limitations of our study. First, we had only three sampling dates and thus did not track temporal changes in abundance and diversity. Second, we did not study arthropods living on the ground or in the soil. Third, our samples were not large enough to enable rigorous comparisons between Bt cotton and non-Bt cotton for rare families of arthropods. Despite these limitations, our study was sufÞcient to achieve our primary goal of testing for major differences in arthropod abundance and diversity between Bt cotton plants and non-Bt cotton plants.
In summary, we found decreased abundance of arthropods in Bt plots compared with non-Bt plots and IFR plots (Fig. 1A) . However, we did not Þnd any differences in the abundance of arthropods found on Bt and non-Bt plants taken from the IFR treatment (Fig. 1B) . Thus, arthropod abundance and diversity could perhaps be maximized by planting IFR. Clearly, the decision to use in-Þeld refuges also should be 
